A freshwater microalga, Chlamydomonas reinhardtii KNUA021, was characterized for its potential as a biochemical feedstock. Its optimal growth was observed when the culture was incubated at 25 o C and pH 9.4. However, the isolate was capable of survival and growth under a variety of temperatures (10-30 o C) and pH (pH 4.0-12.0) conditions. The total lipid content of the isolate was 21.7% of dry weight and it was found that a high-value fatty alcohol, hexadecenol (C 20 H 40 O), was autotrophically produced by strain KNUA021. In addition, a nutritionally important C 18:3 ω3 (α-linolenic acid, ALA) was also identified in this photosynthetic microorganism as one of the major fatty acids. Hence, C. reinhardtii KNUA021 appears to show promise for use in the production of microalgae-based biochemicals.
Microalgae are photosynthetic organisms that fix carbon dioxide (CO 2 ) and transform it into a wide spectrum of organic compounds including chlorophylls, carotenoids, vitamins, and lipids. They are usually known as the primary producers of various polyunsaturated fatty acids (PUFAs) in aquatic environments [1, 6, 7, 12, 13] . However, a few studies have shown that microalgae also produce fatty alcohols with a variety of carbon chain lengths [5, 9, 10] . Fatty alcohols are oleochemicals usually derived from plant sources and they are widely used in the cosmetic and soap industries as detergents and surfactants [3, 4] . However, the fatty alcohol production processes release potentially harmful pollutants into the environment and the increasing cost of raw materials such as palm kernel and rapeseed is another challenge to the industry [15, 16, 22] . Therefore, the fatty alcohol production by microorganisms has gained increasing attention in recent years [17, 18, 22] . In this study, a Korean domestic microalga, Chlamydomonas reinhardtii KNUA021, was isolated from freshwater and its physiological properties were investigated to determine the optimal growth conditions. The lipid content of strain KNUA021 was then analyzed to see whether this eukaryotic microalga could be used as a candidate for biotechnological applications.
Water samples were collected from the Chilgok-gun Agricultural Technology Center (36 o 02' N, 128 o 22' E; Dongan-ri, Yakmok-myeon, Chilgok-gun, Gyeongsangbukdo, Korea) in August of 2011. Aliquots (1 ml) of the samples were inoculated into 100 ml of BG-11 (+) medium (nitrate containing) [14] with meropenem (Yuhan Pharmaceuticals, Ochang-eup, Chungcheongbuk-do, Korea) at a concentration of 100 µg/ml. The flasks were subsequently incubated at 160 rpm and 25 The isolate was cultivated in BG-11(+) medium for 20 days. Live cells were harvested and inspected at ×400 magnification on a Zeiss light microscope (Carl Zeiss, Standort Göttingen, Vertrieb, Germany). For molecular analysis, genomic DNA was extracted using a DNeasy Plant Mini kit (Qiagen, Hilden, Germany). The universal primers NS1 and NS8 described by White et al. [19] were used for 18S rRNA sequence analysis. The D1-D2 region of the large subunit (LSU, 28S) rRNA from the isolate was amplified using the NL1 and NL4 primers [11] . The *Corresponding author Phone: +82-53-950-5348; Fax: +82-53-953-3066; E-mail: hyoon@knu.ac.kr internal transcribed spacer (ITS) region was also amplified using the primers ITS1 and ITS4 [19] . Synthesis of the primers employed in this study and the DNA sequencing were conducted at the Macrogen facility (Macrogen, Seoul, Korea).
A 20-day-old seed culture of C. reinhardtii KNUA021 (1 ml) was inoculated into BG-11(+) medium (100 ml) in triplicate and incubated for 22 days. The survival and growth of strain KNUA021 were examined at 5 For GC/MS analysis, C. reinhardtii KNUA021 was inoculated into BG-11(+) medium (pH 9.4) in triplicate and incubated at 25 o C. Cells were harvested on day 20 (late exponential growth phase) via centrifugation at 3,220 ×g (Centrifuge 5810R; Eppendorf, Hamburg, Germany) and the lipids were extracted using a modified Bligh-Dyer method described by Yeo et al. [21] . The fatty acid composition of the cultures was determined by GC/MS (Jeol JMS700 mass spectrometer equipped with an Agilent 6890N GC; Agilent Technologies, Palo Alto, CA, USA) at the Daegu Center, Korea Basic Science Institute (KBSI). Peak identification and compound assignments were conducted based on electron impact mass spectra.
Molecular characterization indicated that the isolate was Chlamydomonas reinhardtii, and the results inferred from the 18S rRNA , D1-D2 region of the LSU rRNA, and ITS sequence analyses were mutually consistent ( Fig. 1 and Table 1 ). The isolate's morphological features also indicated that the isolate was a member of species C. reinhardtii. The cells were approximately 10 µm in diameter with two apically localized flagella; prominent cup-shaped chloroplasts were present (Fig. 2) .
As shown in Fig. 3A , strain KNUA021's optimal growth temperature was 25 o C, but it was also able to grow and survive at temperatures as low as 10 o C. The microalga grew well across a broad range of pH conditions (pH 4.0-12.0), but no growth was observed either at pH 2.0 or at pH 13.0 (Fig. 3B) . Little or no growth was noted in the presence of NaCl (Fig. 3C) . It was calculated that the doubling time of strain KNUA021 was around 8.1 days under its optimal growth conditions.
The total lipid content of the isolate was 21.7 ± 0.9% of dry weight (DW), and the GC/MS spectrum contained a (Table 2) . It was also shown that this photosynthetic microorganism was capable of biosynthesizing hexadecenol (C 20 H 40 O, molecular weight = 296) as one of the major cellular components (Fig. 4B and Table 2 ). In this study, a freshwater eukaryotic microalga, Chlamydomonas reinhardtii KNUA021, was investigated for its potential as a biochemical feedstock. The isolate was capable of survival and growth in a broad range of temperatures (10-30 o C) and pH values (pH 4.0-12.0); its optimal growth conditions were 25 o C and pH 9.4, respectively. It was discovered that a high-value fatty alcohol, hexadecenol (C 20 H 40 O, 11.3 ± 0.9%, 2.5 mg/g DW), was produced by strain KNUA021. Long-chain fatty alcohols have been extensively used in the pharmaceutical, cosmetic, and soap industries, and they are usually produced by hydrogenation of plant oil-derived fatty acid methyl esters (FAMEs) or by synthesis from petrochemical precursors [9, 10] . Their current value is estimated at more than $1,800 per metric tonne (2012 ICIS pricing) and the global fatty alcohol market is growing every year. Therefore, this microalgaederived hexadecenol has the potential to be used as an alternative option for plant-based sources. In addition, as a nutritionally important α-linolenic acid (C 18:3 ω3, 19.9 ± 1.9%, 4.3 mg/g DW) was also produced by KNAU021, this isolate may thus have potential as an alternative ω3 PUFA source for fish oil. The real potential of the isolate described above should be evaluated via further cultivation studies at the molecular, laboratory, and field scales.
The growth tests of two most popular reference Chlamydomonas reinhardtii strains, CC-620 and CC-621, in BG-11(+) and TAP (tris-acetate phosphate) media were included in this study. Both strains grew well in TAP medium, but very poor growth was observed in BG-11 medium. On the contrary, strain KNUA021 preferred BG-11 medium to TAP medium. Therefore, a direct comparison was not feasible. Heterotrophic growth on complex media containing carbon sources was also observed in this study (data not shown). A number of previous reports have demonstrated that heterotrophically grown microalgae accumulate a high proportion of lipids [2, 8, 20] . Thus, future studies should focus on determining whether heterotrophic cultivation results in increased lipid productivity. 
